The red turpentine beetle, Dendroctonus valens LeConte, is one of the most destructive invasive forest pests in China, having killed more than 6 million pines since its first outbreak in 1999. Little is known about D. valens pheromone biology and no aggregation pheromone has yet been identified. Analysis by gas chromatograph/mass spectrometer of volatiles collected from live beetles in China showed that female beetles produce frontalin and males do not. Olfactory assays in the laboratory showed that males were attracted to frontalin at a wide range of concentrations, whereas females were attracted to it at a narrow range of concentrations. In field trials, 3-carene, a monoterpene kairomone from a pine tree selected to host the beetles attracted both sexes, and when frontalin was added, the total number of beetles captured increased by almost 200%. However, increasing concentrations of frontalin significantly decreased the percentage of female beetles trapped. These results suggest a new role of frontalin as an aggregation pheromone in addition to a female-produced sex pheromone, which was previously shown in a North American population. The dual functions of the pheromone frontalin produced by D. valens females, as well as its ecological significance for overcoming host resistance, are discussed.
Introduction
Semiochemical-mediated communication in bark beetles (Coleoptera: Curculionidae: Scolytinae) enables host and mate location, aggregation, and resource partitioning (Wood 1982; Borden et al. 1986) . When 2 or more sympatric species inhabit the same tree, pheromones for 1 species may function as allomones for a competing species, serving to minimize the deleterious effects of wasted mating attempts and to partition resources (Byers and Wood 1980; Rankin and Borden 1991) . The available habitat for most bark beetle species is limited to dead or dying trees or tree parts (Raffa et al. 1993) , but the genus Dendroctonus includes a few species that are major killers of coniferous trees (Wood 1982) . These species are known for dramatic population increases or outbreaks during which they can overcome and kill healthy trees (Bentz et al. 2010) . In most Dendroctonus species, females initiate attack, excavate galleries in the phloem, and release aggregation pheromones that are attractive to both sexes (Wood 1982; Borden et al. 1986; Raffa et al. 1993; Liu et al. 2006; Pureswaran et al. 2008a) . Successful colonization and reproduction by beetles in living trees thus requires the release of enough aggregation pheromone to ensure enough conspecifics are attracted to overwhelm host defenses (Wood 1982; Borden et al. 1986; Raffa et al. 1993) . In its native range in North America, Dendroctonus valens behaves like the nonaggressive species of Dendroctonus and does not show extreme aggregation behavior. In China, however, aggregation by D. valens appears to be common, suggesting that this species, too, may respond to an aggregation pheromone.
Many bark beetle species share common pheromone components although the sex producing them and their function varies . The pheromone component frontalin was first isolated and identified in male western pine beetles, Dendroctonus brevicomis LeConte, and it functions together with exo-brevicomin and myrcene as a pheromone blend (Silverstein et al. 1968; Bedard et al. 1970) . Frontalin was also found to be an aggregation pheromone component for the southern pine beetle, Dendroctonus frontalis Zimmermann ) and the Douglas-fir beetle, Dendroctonus pseudotsugae Hopkins (Pitman and Vité 1970) . In the mountain pine beetle, Dendroctonus ponderosae Hopkins, frontalin is produced by males (Ryker and Libbey 1982) , facilitating aggregation at low release rates and functioning as an antiaggregation cue at high release rates (Borden et al. 1987) .
Native populations of the red turpentine beetle, D. valens LeConte, occur sympatrically with D. brevicomis LeConte in western North America, where D. valens is considered to be a secondary pest and generally attacks only weakened or dying pines and freshly cut stumps and logs (Owen et al. 2010) . D. valens was introduced into Shanxi Province of China in the early 1980s when unprocessed logs were imported from the west coast of the United States (Yan et al. 2005) . This introduced population of D. valens has spread rapidly to 4 other adjacent provinces (Hebei, Henan, Shaanxi, and Inner Mongolia), and now the metropolis of Beijing, and it has caused the demise of over 6 million Chinese red pines, Pinus tabuliformis (Sun et al. 2004 ). Because D. valens is polyphagous, feeding on mostly Pinus spp., and P. tabuliformis is widely planted across a large portion of the country, the majority of Chinese pines are probably at risk from infestation by D. valens. D. valens is known to use host odors or kairomones to select and locate its preferred host, Pinus ponderosa, in its native range (Owen 1985; Hobson et al. 1993; Erbilgin et al. 2007) , as well as its alternate host pine P. tabuliformis in China (Sun et al. 2004; Liu et al. 2011) . After pioneer beetles have selected and initiated attack on an appropriate host tree mediated by host volatiles, the mechanism by which D. valens beetles initiate mass attack to overcome trees' resistance is unknown. It is commonly accepted that, for other species of Dendroctonus, pioneer beetles initiate attack, then large numbers of beetles orient to the host in response to secondary attraction of aggregation pheromones released by the pioneering beetles (Borden et al. 1986 ). To date, however, little is known about the pheromone biology of D. valens (Wood 1982; Luxová et al. 2007; Shi and Sun 2010) . Because D. valens does not typically aggregate on the host trees in its native North America, it has been presumed that aggregation is not necessary for the survival and successful reproduction of this beetle (Gillette N, personal communication) . The behavior of D. valens in China, however, led us re-examine the possibility that this species produces and responds to an aggregation pheromone.
The purpose of this study was to assay Chinese populations of male and female D. valens for potential behavioral chemicals. Our approach was to use chromatographic adsorbent to collect volatile chemicals from beetles feeding in fresh bolts cut from P. tabuliformis trees. The common pheromone candidates of Dendroctonus spp. bark beetles previously isolated from Chinese populations of D. valens have been identified, and their activity was tested Zhang et al. 2009 ). Our focus in this current study is on the production of semiochemical frontalin, recently isolated from both North American and Chinese populations of D. valens, and the behavioral response of D. valens to frontalin in both the laboratory and field trials. Our ultimate goal is to achieve a fuller understanding of the semiochemicals that are important for aggregation and mate selection by D. valens, in order to explain its aggressiveness in China and to mitigate its damage to the Chinese forest ecosystem.
Materials and methods

Insects
Eight-unit Lindgren funnel traps baited with the kairomone attractant, 3-carene (Lvzhou Bio-control Company) (Sun et al. 2004; Erbilgin et al. 2007 ) were used to catch adult D. valens in flight as they emerged from their over-wintering sites during peak emergence from early May to early June in 2009 and 2010. The 3-carene load (10 mL) was released from 15-mL polyethylene bottles (Hongzhi Plastic Plant), and a mean release rate of 100 mg/day was measured under field conditions (mean temperature 27 °C) . Field trapping was conducted in the natural stand of P. tabuliformis at Beishe Mountain, located at the foot of the Luliang Mountains (37º48′N, 111º57′E, mean elevation 1400 m), west of Gujiao City, Shanxi Province, China. All necessary permits were obtained from the Forest Pests Quarantine and Control Bureau of Shanxi Province for the described field studies. This site, dominated by 30-year-old P. tabuliformis plantations, is where the first D. valens outbreak was recorded in 1999 (Sun et al. 2004) . Traps were checked every other day and live beetles were sexed based on stridulation by males (McGhehey 1968) and used for laboratory experiments.
Beetles were divided into 2 groups. Group (1) beetles, used for pheromone analysis, were allowed to colonize bolts of P. tabuliformis standing vertically in the laboratory. Group (2) beetles were used for walking behavioral assays in the laboratory, and beetles from this group were fed an artificial diet based on pine phloem powder (water 250 mL, phloem 100 g, and agar 6 g) modified from Wallin and Raffa (2000) and kept in environmental chambers at 25 °C, 55% relative humidity under a photoperiod of L14:D10.
Chemicals
Based on previous work in our laboratory Zhang et al. 2009 ), the chemicals used in laboratory bioassays and field trapping were (1S)-cis-verbenol (94% chemical purity), (1R)-(−)-myrtenol (95% c.p.), (−)-myrtenal (98% c.p.), and racemic frontalin (>99% c.p.), obtained from PheroTech (now Con Tech Enterprises, Inc.) (Delta), as well as (S)-(-)-verbenone (98% c.p.), (+)-3-carene (99% c.p), hexane (HPLC certified), and heptyl acetate (>99% c.p.) obtained from Sigma-Aldrich Co..
Experiment 1: volatiles collection and identification
Previous reports show that D. valens prefers to attack large diameter pine trees in the field (Liu et al. 2011) . To simulate beetle attack and pheromone production, 3 healthy P. tabuliformis trees of 30 cm in diameter at breast height (DBH) were selected arbitrarily from a valley within the Beishe Mountain, located at the foot of the Luliang Mountains. Logs were cut and transported to the laboratory; each log was cut into 2 bolts, each measuring 100 cm long. Bolts, whose cut ends were coated with melted wax, were placed upright in a temperature-controlled room (20 °C) with natural light.
According to procedures described by Pureswaran and Borden (2003) , beetles for pheromone analysis were sampled in 3 treatments: 1) individual females feeding alone in galleries for 48 h, 2) paired females joined by males feeding in galleries for 48 h, and 3) males with feeding females in galleries for 24 h. Seventy females were first introduced singly into predrilled holes (diameter1 cm) in the bolts and were then secured in the holes with wire mesh (mesh hole size, 2 × 2 mm). After females had bored into the bolt for 24 h, they were divided into 2 groups: 1) solitary feeding females and 2) feeding females joined by males. Males were placed at the entrance of the tunnels and allowed to join the female in the galleries. Twenty-four hours after a male had entered a gallery, beetles were dissected from the gallery and placed individually into insert vials (250 µL glass with polymer feet), whose tips were filled with about 0.3 mg of adsorbent Tenax (80-100 mesh) (Restek Corporation). The insert vial was placed into a 2 mL screw cap vial. Individual beetles were inserted abdomen-first into the insert vials and immobilized by using silane-treated glass wool so that the tip of the abdomen was 1-2 mm from the absorbent. Vials were closed loosely with a polytetrafluoroethylene-lined cap to allow adequate gas exchange for beetle respiration. Volatiles released from the beetles were passively collected on the absorbent Tenax for 48 h. These collections were carried out in an environmental chamber at 20 °C and in complete darkness. Once the beetles were removed, 50 µL of redistilled hexane spiked with 5.0 ng/µL heptyl acetate (internal standard) were added to the adsorbent, vortexed, and kept at −20 °C for further analysis.
All the extracts were analyzed using DB-Wax column (30 m × 0.25 mm × 0.25 µm; J&W Scientific) quantitative and qualitative on gas chromatography-mass spectrometry (GC-MS) (Agilent 6890N-5973N/MSD). The temperature program was 40 °C for 1 min, 5 °C/min to 240 °C and held for a final 5 min. The flow of helium (carrier gas) was 1.0 mL/min. Aliquots of extracts (1 µL) were drawn from insert vials with Tenax and directly injected into the GC in splitless mode at 250 °C. Compounds with demonstrated behavioral activity were identified by comparing retention times and mass spectra to those of synthetic standards. No previously undescribed compounds were addressed in this study. Volatiles were quantified by comparing them with the internal standard of heptyl acetate with the concentration 5 ng/µL (Pureswaran et al. 2008b ).
Experiment 2: laboratory olfactometer trials
Bioassays were conducted in a glass Y-tube olfactometer using the method described by Liu et al. (2006) . Two sets of tests were carried out. In the first set, 1 chamber contained filter paper that had been treated with hexane, and the other contained filter paper that had been treated with 1 of 4 concentrations of frontalin diluted in hexane (0.0025, 0.05, 0.5, or 5 ng/µL). In the second set, we tested beetles' attraction to frontalin in hexane with 0.005/0.05 ng/µL versus 3-carene, frontalin in hexane with 0.05 ng/µL versus frontalin in 3-carene with 0.05 ng/µL, frontalin in hexane with 0.005 ng/µL versus frontalin in 3-carene with 0.005 ng/µL, frontalin in 3-carene with 0.005/0.05 ng/µL versus 3-carene, respectively. 3-Carene, mentioned above, was used without dilution.
Thirty minutes before each trial, D. valens adults fed the artificial diet were introduced into a separate holding container, so they would not be exposed to any test odors before their release. At the beginning of each trial, 10 μL of each solution was applied to a filter paper strip (5 × 50 mm), which was allowed to evaporate for 20 s and was then placed into the chambers. Individual beetles were released at the downwind end of the Y tube and given 10 min to respond to the odors. A choice for the left or right arm of the olfactometer was noted when a beetle walked 5 cm past the Y junction. If a beetle failed to select one of the chambers, the beetle was invalidated and a new individual was introduced. To eliminate directional bias, the right and left branches of the olfactometer were switched after each trial. The Y tubes were changed after each trial and cleaned with 100% alcohol before reuse. The olfactometer was maintained at 25 °C and relative humidity 70%. For each trial, at least 20 females and 20 males were tested. Field trapping experiments with 3-carene and frontalin were conducted in 2009 and 2010 on the same plantation where beetles were originally collected (see above). All necessary permits were obtained from Forest Pests Quarantine and Control Bureau of Shanxi Province for the described field studies. Lures consisted of 10 mL lure of each treatment released from a 15 mL-polyethylene bottle (Hongzhi Plastic Plant). 3-Carene was tested as a control. The release rate of 3-carene under field conditions (mean temperature 27 °C) is 100 mg/day (Zhang et al. 2009 ).
In 2009, several treatments were tested as the following: 1) 3-carene alone (3-C) (12 replicates); 2) frontalin in 3-carene at 0.05 ng/µL ([F + 3-C] 0.05 ng/µL ) (10 replicates); 3) frontalin in 3-carene at 0.005 ng/µL ([F + 3-C] 0.005 ng/µL ) (5 replicates); 4) myrtenal in 3-carene at 1.5 ng/µL (Mal + 3-C l ) (5 replicates); 5) myrtenol in 3-carene at 1.5 ng/µL (Mol + 3-C) (5 replicates); 6) verbenone in 3-carene at 1.5 ng/µL (Vone + 3-C) (5 replicates); and 7) cis-verbenol in 3-carene at 1.5 ng/µL (Vol + 3-C) (5 replicates). In 2010, to prove the function of the pheromone frontalin, trapping experiments with frontalin in 3-carene at 0.05 and 0.005 ng/µL were repeated at Site A (the first valley within Beishe Mountains, mentioned above), with 27, 13, and 14 replicates for 3-C, (F + 3-C) 0.005 ng/µL , and (F + 3-C) 0.05 ng/µL , respectively. In addition, one more trapping experiment with higher concentrations of frontalin in 3-carene, 1.1 and 11 ng/µL, respectively, was carried out at Site B (the second valley) and 3 treatments were set up as the following: 1) 3-Carene (3-C) (17 replicates); 2) frontalin in 3-carene with 1.1 ng/µL ([F + 3-C] 1.1 ng/µL ) (9 replicates); 3) frontalin in 3-carene with 11 ng/µL ([F + 3-C] 11 ng/µL ) (10 replicates). Site A is about 500 m south of Site B. Eightunit multiple-funnel traps were suspended on randomly selected host trees (DBH 15 cm) that were most resistant to D. valens attack (Liu et al. 2008 ). Trees were spaced at least 50 m apart, and treatments were organized in a randomized design. The collection cup was positioned about 20 cm above the ground to match the typical height of D. valens attacks. These experiments were installed on 1 May 2009 and 2010, during the flight peak period of D. valens. Traps were checked every other day and beetles were counted a few dead ones. Live beetles were sexed based on stridulation by males (McGhehey 1968) 
Statistical analysis
Data from the olfactometer bioassays were analyzed by a chi-square test using SPSS (1999). Identified potential pheromone components were compared between treatments by one-way analysis of variance (ANOVA) with SPSS (1999). Beetle captures and sex ratio were grouped by date and analyzed using the generalized linear models. Total trapping data (trap catches during the peak emergence period) were analyzed using an over-dispersed Poisson regression from the family of generalized linear models followed by maximum likelihood tests with the Bonferroni approach for multiple comparisons using SAS version 9. We selected the over-dispersed Poisson model because histograms of the data by treatment revealed that the distributions were not symmetrical and the variances increased with the means, as is usually true for count data. The percentage of total female beetles trapped by each trap was analyzed by logistic regression (Warton and Hui 2011) with SPSS Software (1999).
Results
Experiment 1: volatiles collection and identification
The qualitative volatile profiles of D. valens by GC-MS revealed that both females and males emit oxygenated monoterpenes that might function as pheromone components (e.g., cis-verbenol, verbenone, myrtenal, and myrtenol). The measured quantities of these compounds did not differ significantly between the sexes (Table 1) . Frontalin was detected in 7 (out of 14) solitary feeding females and in 3 (out of 17) paired feeding females (χ 2 = 3.677, P = 0.055) (with measured concentrations ranging from 3.0 to 155 ng/beetle). No frontalin was detected in any of the 17 tested males.
Experiment 2: laboratory olfactometer trials
Y-tube olfactometer assays with various concentrations of frontalin showed that male D. valens were more attracted to all concentrations of frontalin in the experiment than they were to the hexane control (Table 2) . However, female beetles were attracted only to the intermediate concentration of frontalin, 0.5 ng/µL. The responses to frontalin between female and male beetles were significantly different at the lowest and highest tested concentrations (Table 2) . When 3-carene and frontalin were compared as stimuli in the choice assay, females were significantly more attracted to 3-carene than were males (Table 3A and B). However, when frontalin was added to 3-carene, both females and males D. valens preferred the frontalin + 3-carene blend over the 3-carene alone (Table 3A and B) . Interestingly, when the frontalin + 3-carene blend and frontalin alone were tested, frontalin significantly increased the female's, but not the male's, attraction to 3-carene (Table 3A and B).
Experiment 3: field trials with 3-carene combined with potential pheromones
Treatment and date of collection significantly affected beetle capture (Table 4) (Figure 1, F = 7 .183, df = 2, 24, P = 0.004). cis-Verbenol, verbenone, myrtenal, and myrtenol did not significantly increase the number of beetles captured when compared with 3-carene alone (Figure 1) .
Frontalin (F + 3-C) at both concentrations (0.005 ng/µL and 0.05 ng/µL) attracted significantly more females than did 3-carene alone, and the 0.05 ng/µL concentration of frontalin attracted significantly more females than did the 0.005 ng/ µL concentration (Figure 2a) . Similarly, frontalin (F + 3-C) at both concentrations attracted significantly more males than did 3-carene alone, and the higher frontalin concentration attracted more male beetles than did the lower concentration (Figure 2a ). When higher concentrations of frontalin were added to 3-carene, the number of females caught was Table entries represent the numbers of D. valens of either sex that responded positively to either the control or treatment stimulus. (*) and (**) means significant differences at P ≤ 0.01 and P ≤ 0.05, respectively (chi-squared test). reduced significantly (F = 15.186, df = 2, 24, P < 0.001; Figure 3a ). Field trapping in 2010 with (F + 3-C) 0.05 ng/µL and (F + 3-C) 0.005 ng/µL confirmed the results from 2009, namely, that frontalin added to 3-carene attracted significantly more D. valens than did 3-carene alone, and that the 0.05 ng/µL concentration caught more than the 0.005 ng/µL concentration (Figure 2b ). Frontalin in 3-carene at 11 ng/µL attracted more D. valens of both sexes than did the 1.1 ng/µL concentration, and there was no difference in the number of D. valens attracted by 3-carene alone or with frontalin at 1.1 ng/µL (Figure 2c) . Moreover, as the concentration of frontalin increased, the percentage of captured females decreased, showing the same trend as in 2009 although it was not significant at Site A (Site A: F = 0.217, df = 2, 50, P = 0.806; Site B: F = 15.186, df = 2, 24, P < 0.0001) (Figure  3b and c).
Discussion
Our results not only demonstrate that frontalin has a biological function as a pheromone in D. valens, attracting both female and male beetles, but they also confirm its role as a sex pheromone in D. valens. 3-Carene alone had female-biased attraction, but when frontalin was added, the total number of beetles captured increased by almost 200%, leading to a slightly male-biased attraction. The male bias in response to our frontalin-3-carene traps probably resulted from sensitivity to frontalin as demonstrated in our Y-tube assays and is probably related to frontalin's role as a sex attractant. Both 2009 and 2010 field trapping showed the same consistent trend of decreasing female response with increasing concentrations of frontalin although the result for Site A in 2010 was not significant. In 2010, in addition to the concentrations of 0.005 and 0.05 ng/µL frontalin in 3-carene tested at Site A, higher concentrations of frontalin in 3-carene (1.1 and 11 ng/µL) were tested at Site B. At higher concentrations of frontalin, the percentage of females captured was significantly decreased. Site A was about 500 m from Site B, and the relatively high concentrations of the male-attractive frontalin in 3-carene (1.1 and 11 ng/µL) released at Site B may have influenced the results at Site A. The total capture per trap in 2010 was roughly two-thirds lower than in 2009 (Figure 2 ), which may have made it more difficult to demonstrate differences in sex ratio.
We identified frontalin from extracts of 50% (7 out of 14) of solitary feeding females and in extracts of about 18% (3 out of 17) of feeding females paired with males. We were not able to determine whether these females had actually mated without using destructive sampling; however, we know that D. valens beetles usually mate within the first 3 days after entering the galleries (Sun J, personal communication) . Furthermore, additional sampling conducted in early summer 2012 indicated that none of 40 paired females produced frontalin at 8 days after pairing, but most of 40 unpaired feeding females still emitted frontalin (Liu Z, personal observation) . Collectively, this evidence supports our conclusion that frontalin is released by unmated females. Moreover, 132 female beetles trapped in the field in early 2012 were dissected and only 5 of them (3.8%) had mated (Liu Z, personal observation) . These findings suggest that mating may trigger a mechanism that decreases frontalin production and attraction in females, supporting the hypothesis that frontalin is a male attractant for mating purposes. Our result complements previous work on D. valens from the United States, where frontalin production by females was reported in an abstract at a meeting (Luxová et al. 2007 ). In those analyses, large quantities of frontalin were produced by juvenile hormone III (JH III)-treated females, whereas smaller quantities were produced by females that had fed on pine phloem. Similarly, in the Douglas-fir beetle, D. pseudotsugae, the attractiveness of females decreases after mating (McMullen and Atkins 1962; Rudinsky 1969) .
The dual function of frontalin that we report here (femaleproduced sex attractant and aggregation pheromone) may have played a role in aiding the invasion of China by D. valens. Pioneer females initiate attack by tunneling galleries under the bark and must attract males. At this stage, females may release frontalin to attract both females and males for the purpose of both mating and mass attack. In China, where D. valens attacks healthy pine, it is critical for beetles to mass attack pine trees to overcome their resistance. On the other hand, in North America, D. valens generally attacks only weakened or dying pines (Owen et al. 2010) . The dual function of frontalin is metabolically efficient because it facilitates both mating and the overcoming of host defenses. Once the tree is colonized, high concentrations of frontalin combined with other chemical cues, such as verbenone (Paine et al. 1999) , may repel other females and cause them to attack adjacent hosts to avoid population competition. In our field trapping, polyethylene bottles containing 10 mL of frontalin dissolved in 3-carene with frontalin concentrations of 0.005, 0.05, 1.1, and 11 ng/µL were hung in funnel traps on pine trees. After roughly 40 days, all of the solution in these vials had volatilized out, so the release rate of frontalin ranged from about 1.25 × 10 -6 to 2.75 × 10 -3 mg/day, which is a trace amount but was easily sufficient to attract beetles. Moreover, a previous study with a high release rate of frontalin (3 mg/ day) found no synergetic effects to the 3-carene and, furthermore, that low concentrations are effective at attracting both sexes of D. valens.
The response that we documented by D. valens to very low release rates of frontalin, both in the laboratory and in the field, is of interest because it underscores the importance of assessing a wide range of release rates when studying the behavioral chemicals of an organism. It is axiomatic that many behavioral chemicals are in fact multifunctional across a range of release rates (Wood 1982) , but the limits of analytical equipment have, in the past, restricted our ability to detect such molecules at very low levels, so their importance may have gone unnoticed. Indeed, Paine et al. (1999) found that when racemic frontalin was added to the attractive pheromone blend for the Jeffrey pine beetle, Dendroctonus jeffreyi, attraction was increased at very low frontalin levels, but decreased at levels higher than 0.01% of the pheromone blend. Similarly, Sullivan et al. (2007) reported significant behavioral activity for D. frontalis by (+)-endo-brevicomin, a semiochemical that had previously been dismissed because it was not detected in significant quantities in unmated males. Our work further supports Sullivan's suggestion that the accepted pheromone systems for other economically important species might benefit from re-examination using newer, more sensitive, analytical methods.
Our results raise new practical questions regarding the role of frontalin in the behavioral ecology of D. valens. The addition of frontalin to the lure currently prescribed for D. valens (3-carene) increases the efficiency of field trapping remarkably, which could be important in mass trapping to control populations below the economic threshold in integrated pest management programs. The multiple roles of frontalin and its occurrence in several species of bark beetles suggest that it could be an important cue in the evolution of this beetle. We attribute the ability of D. valens to aggregate, as observed in China, to the dual function of frontalin. Further research on its biological role and its molecular basis may reveal important trends essential to understand the biology of invasiveness.
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